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Description 
[RAPID THERMAL ANNEALING PROCESS] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention generally relates to a thermal pro- 
cess of a semiconductor process. More particularly, the 
present invention relates to a rapid thermal annealing 
("RTA") process of a semiconductor process for monitor- 
ing the stability of the RTA process to avoid a failure of 
wafer. 

[0003] Description of the Related Art 

[0004] | n a semiconductor process, a conventional thermal pro- 
cess includes, for example, annealing after ion implant, 
solidification, development or annealing of an gate oxide 
layer, forming reaction of a metal-silicon material, ther- 
mal flow or thermal reflow of a borophosphosilicate glass 
("BPSG"). A method of performing the conventional ther- 
mal process described above includes, for example, using 
a furnace or a rapid thermal annealing ("RTA") process. 



Moreover, compared with the thermal process of using a 
furnace, the RTA process can complete a thermal process 
in a relatively short time. Therefore a thermal budget of 
the RTA process is substantially low and is suitable for a 
semiconductor process that has to control the diffusion 
and the contour of doping material. 
[0005] Referring to FIG. 1, a sectional view of an RTA equipment 
100 is illustrated in FIG. 1. When using the RTA equipment 
100 for a thermal annealing process, a wafer 104 first is 
loaded in a wafer loading 106, and the wafer loading 106 
with the wafer 104 is then loaded into a reaction chamber 
102. Thereafter, the reaction chamber 102 is heated by a 
heat source 108 to complete the RTA process. In general, 
a complete RTA process includes, but is not limited to, the 
following steps, in order: a hold temperature step, a first 
ramp up step, a stable temperature step, a second ramp 
up step, a RTA step and a cool down step. The monitoring 
of the temperature of the reaction chamber 102 is pro- 
vided by a pyrometer 110 for measuring a thermal radia- 
tion of the reaction chamber 102 through a window 112, 
and the measured thermal radiation is transferred into a 
temperature of the reaction chamber 102. Then the tem- 
perature of the reaction chamber 102 is fedback to a con- 



trol unit (not shown) of the RTA equipment 100 in order 
to control the RTA process described above. 
[0006] However, during the RTA process described above, an in- 
stability of the pyrometer 110 may happen as a result of 
the wafer 104 being attached to the window 112 during 
the RTA process, or due to a failure of the pyrometer 110 
itself. Thus the unstable pyrometer 110 may create an in- 
stability of a measured temperature of the RTA process, 
which, in turn, may disturb the RTA process and damage 

the wafer 104. 
Summary of Invention 

[0007] Accordingly, the purpose of the present invention is to 
provide a RTA processthat is applicable for monitoring a 
stability of the RTA process during an initial stage of a 
RTA step. 

[0008] Another object of the present invention is to provide an 
RTA processthat is applicable for terminating a RTA step 
during the initial stage of the RTA step when an instability 
of the RTA process occurs in order to avoid failure of 
wafer. 

[0009] | n order to achieve the above objects and other advan- 
tages of the present invention, an RTA process is provided 
for an RTA equipment, in which the RTA equipment has a 



pyrometer for monitoring a temperature of the RTA pro- 
cess. The RTA process includes, but is not limited to, the 
following steps: proceeding a first RTA step to a wafer in 
the RTA equipment, comparing a measured value of an 
operation parameter with a reference range of value of the 
operation parameter; and proceeding a second RTA step 
to the wafer in the RTA equipment when the measured 
value of the operation parameter is in between the refer- 
ence range of value of the operation parameter. When the 
measured value of the operation parameter is out of the 
reference range of value of the operation parameter, the 
RTA equipment is turned off in order to terminate the 
second RTA step. 

[0010] Moreover, in the RTA process described above, the RTA 
process further comprises, but is not limited to, the fol- 
lowing steps to the wafer before the first RTA step: a hold 
temperature step, a first ramp up step, a stable tempera- 
ture step and a second ramp up step. 

[0011] Moreover, in the RTA process described above, the RTA 
process further comprises, but is not limited to, a cool 
down step to the wafer after the second RTA step. 

[0012] Moreover, in the RTA process described above, the RTA 

process further comprises, but is not limited to, unloading 



the wafer from the RTA equipment and loading the wafer 
into other RTA equipment after the previous RTA equip- 
ment is turned off, in order to complete the RTA process 
of the wafer. 

[0013] Accordingly, in the RTA process described above, the RTA 
step includes, but is not limited to, a first RTA step, a sec- 
ond RTA step, a reference range of value of the operation 
parameter being set up in the second step. Therefore, the 
stability of the RTA process can be monitored by compar- 
ing the measured value of an operation parameter with a 
reference range of value of the operation parameter be- 
fore the second RTA step proceeds. 

[0014] Thereafter, in the RTA process described above, when the 
measured value of an operation parameter is out of the 
reference range of value of the operation parameter, the 
RTA equipment is turned off to terminate the proceeding 
of the second RTA step and to avoid damage to the wafer 
due to the instability of the RTA process. 

[0015] Moreover, in the RTA process described above, when the 
RTA process is unstable, the wafer will not be damaged 
since the operation time of the first RTA step is shorter 
than the operation time of the second RTA step. After that 
the wafer is unloaded from the RTA equipment and loaded 



into other RTA equipment where the RTA process of the 
wafer is completed. 
[0016] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] FIG. 1 a sectional view of an RTA equipment 100 of the 
preferred embodiment of the invention. 

[0019] FIG. 2 is a process flow chart illustrating an RTA process 
of the preferred embodiment of the present invention. 

[0020] FIG. 3 illustrates a temperature curve corresponding to 
operation time of the RTA process of the preferred em- 
bodiment of the present invention. 
Detailed Description 



[0021] Referring to FIG. 2 and FIG. 3 at the same time, FIG. 2 is a 



process flow chart illustrating an RTA process of a semi- 
conductor wafer of the preferred embodiment of the 
present invention, and FIG. 3 illustrates a temperature 
curve corresponding to the operation time of the RTA 
process of a semiconductor wafer of the preferred em- 
bodiment of the present invention. The steps of the pro- 
cess flow shown in FIG. 2 are described in the following. 

[0022] First of all, referring to Step S200 shown in FIG. 2, a wafer 
(not shown) is loaded into a reaction chamber of an RTA 
equipment (the model of the equipment is AST2800), in 
which the sectional view of the RTA equipment is the 
same as the diagram shown in FIG. 1. And an inner dielec- 
tric layer is formed on the wafer with material that in- 
cludes, for example, but is not limited to, borophospho- 
silicate glass ("BPSG"), and a thermal flow is performed on 
the inner dielectric layer by the RTA process. 

[0023] Thereafter, referring to Step S202 shown in FIG. 2 and FIG. 
3 at the same time, a hold temperature step 302 proceeds 
in order to maintain the wafer in a constant temperature 
for some time in the reaction chamber. As shown in FIG. 3 
of the preferred embodiment of the invention, a wafer is 
maintained at about 400 °C for about 20 seconds when 
the wafer is loaded into the reaction chamber. 



[0024] Referring to Step S204 shown in FIG. 2 and FIG. 3 at the 
same time, a first ramp up step 304 proceeds in order to 
ramp the wafer temperature to another constant tempera- 
ture. As shown in FIG. 3 of the preferred embodiment of 
the invention, the wafer is ramped from about 400 °C to 
about 650 °C during about 10 seconds in the first ramp up 
step 304. 

[0025] Referring to Step S206 shown in FIG. 2 and FIG. 3 at the 
same time, a stable temperature step 306 proceeds in or- 
der to maintain the wafer at anotherconstant temperature 
for some time in the reaction chamber. As shown in FIG. 3 
of the preferred embodiment of the invention, the wafer is 
maintained at about 650 °C for about 5 seconds. 

[0026] Referring to a Step S208 shown in FIG. 2 and FIG. 3 at the 
same time, a second ramp up step 308 proceeds in order 
to ramp the wafer temperature to another constant tem- 
perature. As shown in FIG. 3 of the preferred embodiment 
of the invention, the wafer is ramped from about 650 °C to 
about 950 °C during about 10 seconds in the second ramp 
up step 308. 

[0027] Referring to a Step S210 shown in FIG. 2 and FIG. 3 at the 
same time, a first RTA step 310 proceeds in order to 
maintain the wafer temperature at another constant tern- 



perature in the reaction chamber. As shown in FIG. 3 the of 
preferred embodiment of the invention, the wafer is main- 
tained at about 950 °C for about 10 seconds in the first 
RTA step 310. 

[0028] Referring to Step S212 shown in FIG. 2 and FIG. 3 at the 
same time, an inspecting step 312 proceeds in order to 
determine whether a measured value of the operation pa- 
rameter is in between the reference range of value of the 
operation parameter, in which the operation parameter 
includes, but is not limited to, a temperature measured by 
the pyrometer or a power provided by the RTA equipment. 
Thereafter the instability of the RTA process results from 
the instability of the operation parameter of the RTA 
equipment. 

[0029] Moreover, referring to FIG. 3, a measured pyrometer tem- 
perature curve of a normal RTA process is illustrated in 
FIG. 3. In the normal RTA process, during the first RTA 
step 3 14 or a second RTA step 3 16, a variation of the 
measured pyrometer temperature curve or a variation of 
the measured power curve is very small or approaches 
zero, that is, the measured pyrometer temperature curve 
or the measured power curve approaches respectivelya 
stable value. When the RTA process is unstable, the varia- 



tion of the measured operation parameter curve will be 
very large, so the reference range of value of the opera- 
tion parameter is predetermined by extending the mea- 
sured value into a reference range of value in a normal 
RTA process. In a second RTA step of the preferred em- 
bodiment of the present invention, the measured temper- 
ature of a normal second RTA step by the pyrometer is 
about 950 °C, so the reference range of value of the tem- 
perature parameter is set in a range of, but not limited to, 
about 950 °C ± 20 °C. Thereafter, a measured temperature 
of a first RTA step by the pyrometer is compared to the 
reference range of value of the temperature parameter 
during a RTA process. 
[0030] Referring to FIG. 2, when a measured temperature during 
a first RTA step by the pyrometer is in between the refer- 
ence range of value of the temperature parameter, the 
RTA process is referred to as a stable process and a sec- 
ond RTA step 314 as shown in FIG. 3 proceeds. The sec- 
ond RTA step 314 is a second stage of the RTA step for 
maintaining the wafer at the main process temperature of 
the first RTA step. As shown in FIG. 3 of the preferred em- 
bodiment of the invention, the wafer is maintained at 
about 950 °C for about 20 seconds in the second RTA step 



314. 

[0031] Thereafter, referring to Step S218 shown in FIG. 2 and FIG. 
3 at the same time, a cool down step 316 proceeds in or- 
der to cool down the temperature of the wafer to a prede- 
termined temperature that includes, but is not limited to, 
the temperature of the reaction chamber when the wafer 
is loaded there. Thereafter, referring to Step S220 in FIG. 
2, the wafer is unloaded from the reaction chamber to 
complete the RTA process. 

[0032] Moreover, referring to Step S212 in FIG. 2 and the related 
Step 312 in FIG. 3, when a measured value of operation 
parameter is out of the reference range of value of the 
operation parameter, the RTA process is referred to as an 
unstable process and Step S214 in FIG. 2 proceeds to turn 
off the RTA equipment.Then Step S220 in FIG. 2 proceeds 
to unload the wafer from the reaction chamber. The wafer 
is not damaged by the unstable RTA process because the 
operation time of the first RTA step is short.Thus the 
wafer is loaded into another normal RTA equipment to 
complete the RTA process. 

[0033] According to the embodiments described above, in gen- 
eral one of the advantages of the present invention is that 
the RTA step includes, but is not limited to, a first RTA 



step and a second RTA step, with reference range of value 
of the operation parameter being set up in the second 
step. Therefore, the stability of the RTA process can be 
monitored by comparing the measured value of an opera- 
tion parameter with a reference range of value of the op- 
eration parameter before the second RTA step proceeds. 
[0034] Moreover, another advantage of the present invention is 

that during the RTA process, when a measured value of an 
operation parameter is out of the reference range of value 
of the operation parameter, the RTA equipment is turned 
off to terminate the proceeding of the second RTA step 
avoiding damage to the wafer due to the instability of the 
RTA process. 

[0035] Moreover, another advantage of the present invention is 
that during the RTA process, when the RTA process is un- 
stable, the wafer will not be damaged because the opera- 
tion time of the first RTA step is shorter than the opera- 
tion time of the second RTA step. After the wafer is un- 
loaded from the RTA equipment and loaded into another 
RTA equipment, the RTA process of the wafer is com- 
pleted in another RTA equipment. 

[0036] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 



of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



